Investigation of organic materials for lithium batteries by Zhang, Jinqiang
Investigation of Organic Materials 
for Lithium Batteries
A thesis presented for the award of the degree of 
Doctor of Philosophy 
from
University of Technology Sydney
By Jinqiang Zhang, B. Sc., M. Sc.
July, 2017
Production Note:




It has been four years since I was enrolled as a PhD student in 2013. It is not a 
particularly long time, but I have received numerous help from many members from our 
institute to support me finishing my PhD study. Firstly, I would like to express my sincere 
gratitude to my supervisor, Prof Guoxiu Wang, who has patiently guided, supported and 
encouraged me during my four-year study. I cannot thank you enough for all the advice that 
lead to the improvement of my research and all the concern of my life. I also would like to 
thank my co-supervisors, Associate Professor Alison Ung and Associate Professor Andrew 
McDonagh for their kindness and selfless suggestions. They helped build up my knowledge, 
my skills, and my research. I am truly lucky and grateful to have you as my teachers, my 
supervisors, and my mentors. 
I wish to thank all my colleagues in the research team of Centre for Clean Energy 
Technology, Dr Hao Liu, Dr Xiaodan Huang, Dr Bing Sun, Dr Dawei Su, Dr Kefei Li, Dr 
Anjon Kumar Mondal, Dr Shuangqiang Chen, Dr Yufei Zhao, Dr Xiuqiang Xie, Dr Sinho 
Choi, Dr Jianjun Song, Jing Xu, Katja Kretschmer, Linfeng Zheng, Xin Guo, Weizhai Bao, 
Tuhin Subhra Sahu, Anastasia Tkacheva, and all the new members for the help both in my 
research and life during my PhD period. Special thanks would be addressed to Dr Yueping 
(Jane) Yao, for the administrative assistance and lab management as well as the great 
support for our life. It is a great pleasure to work with all of you and I wish you all the best 
luck. 
I wish to thank Dr Ronald Shimmon, Alexander Angeloski, Dr Linda Xiao, and all the 
staff members from Faculty of Science for the training and their kind support. And I am 
iii 
 
also grateful for the administration help from the staff who have helped so much to support 
my study in the university. 
Financial support provided by the Commonwealth of Australia through the Automotive 
Australia 2020 Cooperative Research Centre (Excellerate Australia) and the Australian 
Research Council (ARC) through the ARC Discovery Project (DP160104340) is gratefully 
acknowledged. 
Finally, I would love to thank my family for their help and support. I wish to thank my 
parents and my brother for their endless love and support. They believe in me even in the 
toughest time when I did not believe in myself anymore. And there is always a time that I 
so despaired that I wished so much to quit. It is my beloved wife, Dr Yufei Zhao, who is 
standing beside me always, supporting me, and selflessly helping me. It is she who 
persuades me to continue my research, it is she who makes it certain that she will be with 
me all the time, and it is she who brings me light when there is only darkness inside my 
heart. I cannot ever express my gratitude and my love for her because she makes me the 






The performances of lithium-based batteries can be significantly influenced by the 
electrolyte and cathode materials. In this PhD project, functional organic materials were 
synthesised and applied as electrolyte and cathode components for lithium-ion (Li-ion) and 
lithium-oxygen (Li-O2) batteries to improve overall performances. Theoretically, organic 
materials can be tailored with functional groups to fit various purposes, making them 
suitable for battery applications. Post-synthesis techniques such as field emission scanning 
electron microscopy, X-ray diffraction, and Fourier transform infrared spectroscopy were 
used to characterise the physical properties. Electrochemical analyses including 
galvanostatic discharge-charge method, cyclic voltammetry, linear sweep voltammetry, and 
impedance spectroscopy were conducted to determine the electrochemical performance of 
the materials. 
Porous polymer membranes based on poly(vinylidene fluoride-co-hexafluoropropylene) 
(PVDF-HFP) are prepared using the breath-figure method. The as-prepared PVDF-HFP 
porous membrane showed a highly ordered honeycomb-like structure. The highly porous 
structure could absorb large quantities of liquid electrolyte, resulting in a high ionic 
conductivity. Moreover, the non-combustible PVDF-HFP membrane could significantly 
enhance safety properties of Li-ion batteries compared to the one using a conventional 
Celgard separator. The combination of the PVDF-HFP membrane with liquid electrolyte 
resulted in a higher capacity and prolonged cycle life. 
Further investigation on coating poly(methyl methacrylate) (PMMA) on PVDF-HFP 
porous membranes to achieve hierarchical structures with sandwich-like morphology was 
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carried and studied. By the combination of porous PVDF-HFP and PMMA with higher 
affinity towards liquid electrolyte, the ionic conductivity was further improved. As a result, 
the electrochemical performance of Li-ion battery was significantly enhanced. 
A bi-functional organic catalyst poly(2,2,6,6-tetramethylpiperidinyloxy-4-yl 
methacrylate) (PTMA) was synthesized by a two-step method. The unique properties of 
PTMA during n-doping and p-doping could facilitate the discharge and charge processes, 
respectively. It was discovered that the discharge capacity increased and the charge over-
potential was reduced. The mechanism investigation showed that it was the functional N-O 
radical interacting with oxygen and Li2O2 to catalyse the battery reactions. As a result, the 
cycling life of the Li-O2 battery was significantly prolonged. 
Further investigation of employing co-polymers as binder in the cathode for Li-O2 
batteries was carried out. The binder was synthesized by co-polymerizing methyl 
methacrylate (MMA) and 2,2,6,6-tetramethylpiperidinyloxy-4-yl methacrylate (TMA) 
monomers. The ratio between both monomers was also studied. The results indicated that 
the direct contact of co-polymer binder and liquid electrolyte would transfer it into a gel 
polymer electrolyte membrane which enabled the catalytic N-O radical group to function as 
restricted redox mediator. The electrochemical performance of Li-O2 batteries can be 
further enhanced by employing PTMA. 
An investigation of the mechanism when tetrathiafulvalene (TTF) was used in Li-O2 
batteries in the presence of LiCl was studied. It is revealed that the addition of LiCl in the 
electrolyte completely changed the functional mechanism of TTF in Li-O2 batteries. Instead 
of functioning as a solution-based redox mediator, the combination of TTF and LiCl 
vi 
 
resulted in a deposition of an organic conductor on the surface of Li2O2, providing 
additional ways for electron transference. As a result, the cycling efficiency was improved, 
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